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(54) Method for increasing the bearing capacity of foundation soils for buildings 



(57) A method for increasing the bearing capacity of 
foundation soils for buildings consisting in providing a 
plurality of holes (1) spaced from each other deep in the 
soil, and in injecting into the soil, through the holes (1), 
a substance (3) which expands as a consequence of a 
chemical reaction, with a potential increase in volume of 



at least five times the volume of the substance before 
expansion; the expansion of the substance (3) injected 
into the soil producing compaction of the contiguous 
soil. 
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Description 

The present invention relates to a method for 
increasing the bearing capacity of foundation soils for 
buildings. 

Any building requires the foundation soil to have a 
sufficient bearing capacity to support it. Otherwise, the 
settling of the foundation soil leads to the failure of the 
overlying building, regardless of whether the settling 
occurs in the uppermost or in the deep layers. 

Before erecting any building, the bearing capacity 
of the soil is therefore estimated according to the weight 
or load which the building will apply to the soil, even 
using, if necessary, appropriate soil research, such as 
for example geological and geotechnical research. 

In order to ensure the stability of the structure, the 
optimum dimensions of the foundations and their rigidity 
are calculated and the depth of the foundations is also 
determined, adequately balancing their weight in rela- 
tion to the bearing capacity of the soil and always main- 
taining a good safety margin. In case of error, the 
building may in fact fail. 

Often, however, the bearing capacity of the founda- 
tion soil is not sufficient, since the soil is compressible, 
as in the case of fi!led-in land, non-consolidated land, 
land with decomposing organic layers, peaty land, 
swampy land, land with considerable variations in water 
content, flooded or washed-out land with voids or with 
non-uniform or insufficiently aggregated masses, land 
with interstitial voids, etcetera; or the building is very 
heavy and requires a greater bearing capacity than the 
actual bearing capacity of the foundation soil. 

Various conventional systems ensure in any case 
the stability of the building. Generally, these systems 
tend to directly transfer the weight of the building to the 
deeper and adequately solid soil layers or to spread the 
load over a wide ground surface, such as for example 
the method consisting in driving piles or micropiles and 
the like into the foundation soil. This method can be 
used both before and after construction. 

Of course, the driving of piles and micropiles or the 
like after the construction of the building is extremely 
complicated and expensive. 

Conventional methods also cope with any subsid- 
ence of the building after its construction, such as for 
example the method described in US patent 4,567,708, 
which entails the injection of an expandable substance 
beneath the building to fill the interstices which have 
formed and have caused the subsidence and in order to 
recover the subsidence of the building, or other lifting 
methods. 

In the method disclosed in the above-cited patent, 
as well as in other lifting systems, however, the founda- 
tion soil is not treated; at the most, one acts on the sur- 
face layers of the soil, and therefore if the underlying soil 
has not settled enough, further subsequent subsidence 
of said building will occur over time. 

A principal aim of the present invention is to solve 



the above problems by providing a method capable of 
ensuring the stability of buildings by adequately treating 
the foundation soil in order to increase its bearing 
capacity. 

s Within the scope of this aim, an object of the 
present invention is to provide a method which does not 
require the use of cement, concrete, or metal structures 
driven into the ground, such as piles, micropiles, cement 
injections, very deep foundations, etcetera. 

10 Another object of the present invention is to provide 
a method which is simple and easy to perform and can 
be adopted to increase the bearing capacity of founda- 
tion soils both before and after construction of the build- 
ing. 

75 This aim, these objects, and others which will 
become apparent hereinafter are achieved by a method 
for increasing the bearing capacity of foundation soils 
for buildings, characterized in that it consists in provid- 
ing a plurality of holes spaced from each other deep in 

20 the soil, and in injecting into the soil, through said holes, 
a substance which expands as a consequence of a 
chemical reaction, with a potential increase in volume of 
at least five times the volume of the substance before 
expansion, the expansion of said substance injected 

25 into the soil producing compaction of the contiguous 
soil. 

Further characteristics and advantages of the 
present invention will become apparent from the follow- 
ing detailed description of a preferred but not exclusive 
30 embodiment of the method according to the invention, 
illustrated only by way of non-limitative example in the 
accompanying drawings, wherein: 

figure 1 is a schematic view of the injection of the 
35 expandable substance through holes formed in the 
soil; 

figures 2 and 3 are views of the result of , the expan- 
sion of the expandable substance when the sub- 
stance is injected whilst the tube used for injection 
40 is gradually retracted upwards, respectively with 
pauses at intermediate depth levels or with a con- 
tinuous motion; 

figure 4 is a view of the result of the expansion of 
the injected substance in the case of sequential 
45 injections performed with different tubes, inserted in 
different holes, in points spaced from each other 
and at different depths. 

The method according to the present invention sub- 
so stantially consists in forming in the soil a plurality of 
holes 1 which, if one must act on existing buildings, may 
or may not pass through the foundation, at different 
depths and preferably with a distance between two con- 
tiguous holes 1 which can vary between 0.5 m and 3 m. 
55 The holes 1 can have variable dimensions accord- 
ing to requirements and can be provided substantially 
vertically or at an angle with respect to the vertical. 
The depth of the holes may also vary according to 
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requirements, as will become apparent hereinafter. 

Tubes 2 are then inserted or driven into the holes 1 
and a substance 3 expanding as a consequence of a 
chemical reaction between the components, with a 
potential volume increase of at least five times the vol- s 
ume of the substance before expansion, is injected into 
the soil through said tubes. The expression "potential 
volume increase" relates to the volume increase of the 
substance as a consequence of an expansion occurring 
unhindered at atmospheric pressure. 10 

The expandable substance is conveniently consti- 
tuted by a mixture of expandable polyurethane foam, 
preferably a closed-cell polyurethane foam. This sub- 
stance can be constituted, for example, by a two-part 
foam mixed inside a mixing unit 4 connected to the is 
injection tubes 2. The first component can be a mixture 
of polyols comprising a polyether polyol and/or a polyes- 
ter polyol, a catalyst, and water, such as RESINOL AL 
643 produced by the Dutch company Resina Chemie. 
The second component can be an isocyanate MDI, 20 
such as URESTYL 10 manufactured by the same com- 
pany. The mixing of these two components produces an 
expandable polyurethane foam the density whereof, at 
the end of expansion, varies according to the resistance 
opposed by the soil adjacent to the injection region. 2s 

It is of course also possible to use other expandable 
substances having similar properties without thereby 
abandoning the scope of the protection of the present 
invention. 

According to requirements, the expandable sub- 30 
stance can be injected through the holes 1 formed 
beforehand in the soil in a single injection step, as 
shown in figures 1, 2, and 3, starting from the bottom, 
whilst the injection tube is gradually retracted upwards, 
optionally with intermediate pauses, as shown in figure 35 
2, so as to obtain different columns of hardened and 
expanded substance, or the substance can be injected, 
optionally by performing sequential injections at fixed 
and different depths in points which are three-dimen- 
sionally and uniformly spaced from each other so as to 40 
obtain regions of expanded and hardened substance 
within the foundation soil, as shown in particular in fig- 
ure 4, according to requirements and according to the 
geological characteristics of the soil. In this last case, 
the tubes used for injection are left in the soil. as 

Once the substance 3 has been injected, since it 
has also penetrated in any voids and fractures of the soil 
thanks to its fluidity, expanding with great force and 
speed in all directions, it generates a force which com- 
pacts and compresses the soil all around, eliminating by so 
compression or filling all voids and microvoids, even 
extremely small ones, expelling most of the water 
impregnating the soil, possibly agglomerating loose 
parts (granules and noncohesive parts) until a mass of 
soil is obtained which, throughout the treated layer, can ss 
no longer be compressed in relation to the weight that it 
has or will have to bear. 

It should be noted that the expandable substance 



injected at different depths, in appropriately calculated 
points having a specific distance from each other, or 
along ascending lines, during expansion automatically 
flows towards the more compressible points, which as 
such offer less resistance to the expandable substance. 
In this manner, the regions which most need treating are 
automatically treated more intensely, without leaving 
spaces with untreated regions. 

The immediate nature of the expansion of the 
injected substance also allows to delimit the expansion 
region rather precisely, thus allowing to localize very 
well, in the intended points, the effect to be produced. 
The intense pressure applied by the injected substance 
to the surrounding soil is in fact due to the expansion 
caused by the chemical reaction and is not caused by 
hydraulic pressure. The expandable substance is 
injected through a hydraulic pressure which, however, 
only has the purpose of introducing the substance in the 
chosen points. 

As regards the hole depth, two different methods 
can be performed. 

A first method consists in treating the entire thick- 
ness of the soil layers which are compressible or have a 
low bearing capacity, so as to perform consolidation up 
to the solid horizon of the layers having a sufficient bear- 
ing capacity, regardless of their depth. The solid horizon 
can be detected by means of geotechnical research 
conducted on the soil. 

The second method instead consists in treating a 
layer of soil which, for reasons related to technical 
and/or economic convenience, does not reach down to 
the identified solid horizon, which might be located at an 
excessive depth, but is in any case thick enough to dis- 
tribute the overlying weight over a wider surface. The 
layer of soil treated with the method according to the 
invention, by constituting a sufficiently compact, solid, 
and in any case light layer, can be effectively and 
broadly supported by the underlying layers of soil, even 
if those layers would not otherwise have a sufficient 
bearing capacity. 

The expansion of the injected substance following 
the chemical reaction of its components is very fast and 
develops a very high expansion force: up to 40 tons per 
square meter or even higher. 

During injection, the level of the overlying building 
or of the surface soil can be constantly monitored by 
means of a laser level or another system. When the 
apparatus indicates that the building or the soil surface 
begins to rise, this generally means that the compaction 
of the soil, in three dimensions all around the injection 
point, has reached very high levels which are generally 
higher than the required minimum values. 

The mass of injected substance, by reacting chem- 
ically, in fact expands with great force in all directions, 
and when the apparatus detects even a small rise at the 
surface, this means that the expandable substance has 
encountered less resistance in expanding in the vertical 
direction with respect to all other directions and that 
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therefore the soil lying below and around the injected 
substance withstands and "rejects" all the weight (which 
is dynamic and therefore multiplied) not only of the 
entire mass of soil (and of any building) which rests stat- 
ically thereon, but also of all the surrounding mass dis- 
placed (by friction and cohesion) at a load diffusion 
angle which is usually calculated at around 30° and is 
simply inverted. The raised soil, too, undergoes com- 
pression. 

By repeating this operation at different depth levels 
(spaced by approximately 1 meter from each other, but 
variably according to the kind of soil and to the bearing 
capacity to be obtained), at each level, a greater bearing 
capacity is obtained than the required one. By acting in 
this last manner and by performing continuous injec- 
tions along rising columns, wherein tree-like shapes are 
formed with a very irregular configuration, with protru- 
sions, bumps, and projections even of considerable size 
produced by the different resistance of the soil to com- 
paction and to the possible presence of interstices or 
fractures in the soil, in any case the entire mass and the 
treated layer of soil are compressed, packed and com- 
pacted; the water content decreases considerably; and 
the soil becomes a valid foundation soil adapted to sta- 
bly support the building which lies above or is to be built. 

The expandable substance can have a density var- 
ying indeed according to the resistance opposed by the 
surrounding soil to its expansion. In most cases, density 
can vary between 100 kg/m 3 and 300 kg/m 3 . There may 
also be higher densities, since the density of the 
expanded substance is directly proportional to the 
resistance which it encounters to its expansion. The 
compression resistance of the expanded substance 
itself is a function of density. 

A substance with a density of 100 kg/m 3 offers a 
resistance of approximately 14 kg/cm 2 , whilst at a den- 
sity of 300 kg/m 3 compression resistance is approxi- 
mately 40 kg/cm 2 . These values are far higher than 
those normally required for a foundation soil. In any 
case, where higher compression resistance values are 
required, even at different depths of the same soil, there 
is also a greater weight and therefore a higher resist- 
ance to expansion; accordingly, a denser and therefore 
stronger material forms automatically. 

In any case, it is possible to momentarily add weight 
to a soil surface or to a building. 

In practice, the injected and hardened expanded 
substance does not support the overlying building on its 
own, though helping to achieve this purpose; the weight 
of the building is effectively supported by the foundation 
' soil treated with the method according to the invention. 

In practice it has been observed that the method 
according to the invention fully achieves the intended 
aim and objects, since it allows, in a very simple, rapid, 
effective, and final manner, to increase the bearing 
capacity of foundation soils until they fully comply with 
construction requirements. 
< The method thus conceived is susceptible of 



numerous modifications and variations, all of which are 
within the scope of the inventive concept; all the details 
may furthermore be replaced with other technically 
equivalent elements. 
5 Where technical features mentioned in any claim 
are followed by reference signs, those reference signs 
have been included for the sole purpose of increasing 
the intelligibility of the claims and accordingly, such ref- 
erence signs do not have any limiting effect on the inter- 
jo pretation of each element identified by way of example 
by such reference signs. 

Claims 

is 1. A method for increasing the bearing capacity of 
foundation soils for buildings, characterized in that it 
consists in providing a plurality of holes spaced 
from each other deep in the soil, and in injecting 
into the soil, through said holes, a substance which 

20 expands as a consequence of a chemical reaction, 
with a potential increase in volume of at least five 
times the volume of the substance before expan- 
sion, the expansion of said substance injected into 
the soil producing compaction of the contiguous 

25 soil. 

2. A method according to claim 1, characterized in 
that said expandable substance is constituted by a 
mixture of expandable polymeric foam. 

30 

3. A method according to claim 2, characterized in 
that said expandable polymeric foam is constituted 
by a closed-cell polyurethane foam. 

35 4. A method according to claim 1, characterized in 
that said holes are provided vertically. 

5. A method according to claim 1, characterized in 
that said holes are provided at an angle with 

40 respect to the vertical. 

6. A method according to claim 1, characterized in 
that the distance between two adjacent holes is 
between 0.5 m and 3 m. 

45 

7. A method according to claim 1, characterized in 
that said expandable substance is injected through 
said holes and along their entire depth, starting 
from below, in a single injection step. 

50 

8. A method according to claim 1, characterized in 
that said expandable substance is injected through 
said holes in subsequent injection steps in points 
and at different depth levels spaced from each 

55 other. 
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